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INTRODUCTION
The heavy metals content in urban soils is very often above legally allowable limits (D i a t t a e t al. 2003). Heavy metal pollution of soil enhances plant uptake causing accumulation in plant tissues, growth inhibition and visible phytotoxicity in urban vegetation. The identification and selection of ornamental plant species that possess the ability to accumulate metals and to grow vigorously in contaminated soils can increase the ornamental value of urban vegetation and allow them to be used for phytoremediation.
Cd and Pb are nonessential elements toxic to plants and animals. Significant differences in plant ability to accumulate heavy metals and in plant responses to heavy metal toxicity have been observed (B eg o n i a , 1997; Va s s i l e v et al. 2004 ). Some plants, so called hyperaccumulators, can absorb relatively high heavy metal concentrations and translocate them to the harvestable shoots where they accumulate. Such plants could be used to remove heavy metals from contaminated soils. We i s s e n h o r n et. al. (1995) showed that AMF colonization of root system could either reduce or increase the heavy metal content of plants, depending on growth conditions, the fungus and the metal.
The objective of the study was to investigate the influence of Cd and Pb concentrations in growing substrate and AMF colonization of root system on growth, flowering, and Cd and Pb accumulation in scarlet sage which, as a bedding plant, can be used for phytoextraction of heavy metals in urban areas.
MATERIAL AND METHODS
Seeds of scarlet sage (Salvia splendens Sello cv. Torreador) were used for the experiments. The seeds were sown in the middle of February and the seedlings were then planted at the beginning of March into Klasmann KTS 3 substrate (pH 6.0, total soluble salts 0.68 g KCl·dm -3 ). The substrate was inoculated with Endorize-TA AMF inoculum, containing a mixture of different Glomus species, mainly Glomus intraradices (Biorize Sarl, France), as described earlier (N o w a k , 2004). The substrate was not sterilized. The Klasmann substrate used in this experiment was devoid of AM fungi, as confirmed by the absence of colonization in the non-inoculated treatments. The percentage of root colonization by AM fungi was estimated as described by P h i l i p s and H a y m a n (1970). Pots were arranged on greenhouse benches in a randomized complete bock design with four replicates per treatment, using 5 plants as a replicate.
One month after planting, the plants were given 200 ml of solution containing: 0, 10, 20, and 40 mg Cd·dm -3 substrate, or 0, 10, 100, and 200 mg Pb·dm -3 substrate. Cd was applied as Cd(NO 3 ) 2 ·4H 2 O, Pb was applied as Pb(NO 3 ) 2 . Different amounts of nitrogen were compensated with respective amounts of NH 4 (NO 3 ) 2 . The plants were exposed to heavy metals treatment for 8 weeks.
The plants were cultivated under glass to the end of June. The greenhouse was maintained at 16 o C during the night and ventilated when the temperature reached 24 o C during the day. The plants were fertilized with the commercial fertilizer Symfovita A (12.5 N -2.1 P -18.5 K -2.9 Mg -0.025 B -0.025 Zn -0.0005 Co -0.1 Mn -0.02 Cu -0.003 Mo) at a concentration of 1 g·dm -3 twice a week.
All measurements were conducted at the end of the experiments. Dry weight of shoots and roots, plant height, number of days from planting to flowering, flower number, and colonization of root system by AM fungi were determined.
For Cd and Pb determination, the shoots were oven-dried to constant weight at The treatments were statistically analyzed by analysis of variance and means were compared with Duncan's multiple range test at 95% level of significance.
RESULTS AND DISCUSSION
Mycorrhiza was not observed in the root system of the non-inoculated scarlet sage plants. Roots of the inoculated plants were colonized by AM fungi (Tab. 1). The addition of Cd and Pb to the growth substrate decreased root colonization by AMF. Mycorrhizal colonization was earlier shown to be delayed, Mycorrhizal plants had lower dry weight of shoots than those of the non-inoculated ones (Tab. 2 and 3). Mycorrhization also decreased plant height and inflorescence number. The effect of mycorrhization on shoot number was negligible. Mycorrhization did not affect flowering time of scarlet sage cultivated in the growing medium not contaminated with Cd, and slightly delayed flowering of plants cultivated in Cd and Pb polluted media. Table 1 The effect of Cd and Pb concentrations in growing medium on percentage of scarlet sage (Salvia splendens Sello 'Torreador') root colonization by AMF.
Means within columns followed by the same letter(s) are not significantly different at α 0.05
It is well know that in the conditions of mineral nutrient availability mycorrhization can depress root and shoot growth primarily by sink competition for photosynthates (D o u d s et al. 1988), while in nutrient-poor growing substrates mycorrhizal plants have more access to mineral nutrients due to the external hyphae development and they affect positively plant growth. In this experiment, all the plants were fertilized with a complete nutrient solution. In field cultivation, mycorrhizal roots can explore more soil volume than non-mycorrhizal ones, due to their extramatrical hyphae development (S a w a k i and S a i t o , 2001). Results obtained by D u n h a m et al. (2003) also suggest that under greenhouse conditions AMF act to reduce plant growth despite increased mineral nutrition and photosynthetic activity. The effect of mycorrhization on Cd tolerance could be also less pronounced in pot culture than in field conditions.
Dry weight of shoots was unaffected by Cd concentration in the growing medium in both the non-ino- Table 2 The effect of cadmium concentration in growing medium and mycorrhizal inoculation on growth and flowering of scarlet sage (Salvia splendens Sello 'Torreador').
The means in columns followed by the same letter(s) do not differ at α 0.05; ns., x, xx, xxx non significant or significant at α 0.1, 0.05, 0.001, respectively; non mycorrhizal plants, + mycorrhizal plants. Table 3 The effect of lead concentration in growing medium and mycorrhizal inoculation on growth and flowering of scarlet sage (Salvia splendens Sello 'Torreador').
Explanations as in Table 2. atment with Pb, chlorotic spots were observed on the lowermost leaves of the non-inoculated and inoculated scarlet sage plants grown at 200 mg Pb·dm . Later on, the lowermost leaves became dry. It is well known that phytotoxicity of Pb is relatively low. Pb accumulates in the largest leaves, its transport to younger leaves is inhibited (C s e h et al. 2000). Stunting is a commonly observed growth response in a wide range of plants grown in metal polluted soils (F o y et al. 1978) . Stunting, reduced biomass and chlorosis of Pb-treated plants can be due to the inhibition of chlorophyll synthesis and decline in the photosynthetic rate, a specific toxicity of the metal to the plant, antagonism with other nutrients or the inhibition of root penetration in the soil (S h a r m a and D u b e y, 2005). In this experiment, the effect of Pb on growth and flowering of scarlet sage was negligible, probably due to low sensitivity to Pb pollution. The differential growth response of various species to Pb was earlier observed by B e g o n i a (1997). These differences suggest that the phytotoxic mechanism of Pb involve different biochemical pathways in different plant species.
Heavy metals uptake by plants depends on both soil and plant factors (G l e b a et al. 1990 ). The main soil factor affecting heavy metals uptake by plants is soil heavy metal content. Among the plant factors affecting heavy metal uptake, plant genotype is considered the most important. Some plants have an exceptional capacity to accumulate Cd in high Cd exposure without any toxicity symptoms, great differences in Cd accumulation due to species and cultivars were also suggested Table 4 . Cd accumulation in scarlet sage shoots was dependent on Cd concentration in growing media. With the increased Cd doses, Cd content of the shoots increased as well, in both the non--mycorrhizal and mycorrhizal plants, although in the highest Cd exposure the mycorrhizal plants took up more Cd than the non-mycorrhizal ones. The ability of AM fungus hyphae to acquire and translocate Cd was earlier confirmed using separated zones for hyphae and roots (G u o et. al. 1996) .
Low levels of Pb accumulated in shoots of the plants growing in the absence of added Pb (Tab. 4). Pb accumulation in shoots of scarlet sage increased greatly with the increasing Pb concentration in the growing medium. Earlier results showed that different plant species exhibit differential ability to take up Pb and to transport and accumulate it in shoots (B e g o n i a , 1997). Mycorrhization increased Pb accumulation in shoots of scarlet sage grown at 100 and 200 mg Pb·dm Table 4 The effect of lead concentration in growing medium and AMF inoculation on Pb content in shoots of scarlet sage (Salvia splendens Sello 'Torreador').
Explanations as in Table 2 .
CONCLUSIONS
1. The effect of Cd and Pb on growth and flowering of scarlet sage was negligible, but heavy metal pollution lowered the decorative value of plants due to chlorosis and necrosis of leaves.
2. Accumulation of Cd and Pb in scarlet sage shoots is dependent on metals content in the growing medium.
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